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Introduction

Eye injuries are serious ocular incidents that constitute 10–
15% of all ophthalmic diseases with a worldwide incidence 
of more than 55 million/year (1, 2). In Scotland, the inci-
dence of ocular injuries requiring hospitalization is reported 
to be 8.1/100,000 persons per year, while in Singapore, it 
has been reported to be 12.6/100,000 persons per year (2, 

3). Similarly, in the United States, the incidence rate was 
reported to be 13.2/100,000 persons, and in Australia, the 
rate was reported at 15.2/100,000 persons per year (3, 4). 
With this in mind, many researchers endeavored to better 
understand ocular injuries to improve management tech-
niques. However, despite developments into studying the 
consequences of ocular trauma, it remained difficult up un-
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til the introduction of Kuhn’s terminology and Birmingham 
classification system for ocular trauma (5). The terminology 
and the classification developed a prognostic model and a 
scoring system to predict the visual outcome of patients 
after ocular trauma. The system considered the mechanism 
of injury, the initial presenting visual acuity, the presence 
and the absence of afferent pupillary defects, and the zone 
of the injury. This system was widely adopted by multiple 
researchers (6-8). Our study aimed to apply ocular trauma 
classification systems on patients who underwent ocular 
injuries and were admitted to Osmangazi University to pre-
dict their visual outcome and help clinicians and patients in 
decision-making.

Methods

The initial clinical findings and the final visual outcomes of 
256 eyes of 246 patients who had eye injuries between June 
1995 and June 2000 were retrospectively evaluated.

Inclusion Criteria
• All eye injuries attended Osmangazi University Hospital 

ophthalmology department between 1995 and 2000

Exclusion Criteria
The following criteria were excluded from the study:
• Patients with incomplete or missing clinical notes
• Patients who had parts of their treatment continued in 

other units
• Patients who had follow up periods of <14 days.

The following data were collected from the notes: Date 
of surgery, type of injury, and laterality, whether the injury 
was open or closed, mechanism of injury (blunt or sharp), 
presence of intraocular foreign body, the results of ancillary 
examinations including computed tomography scans, pres-
ence of afferent pupillary defect, the extent of the injury 
noted during clinical examination, the extent of the injury 
noted during surgery, the duration of follow-up, and visual 
acuity at the time of initial presentation and at the final fol-
low-up visit were recorded using decimal values. Cases with 
a follow-up period of a minimum of 15 days and a maximum 
of 4 years were included in the study. Kuhn’s terminology 
and Birmingham classification were applied after the comple-
tion of data collection (1, 2).

Eye injuries were first divided into open and closed eye 
injuries depending on the presence or the absence of a 
full-thickness defect in the eye wall. Although, posterior to 
the limbus the eye wall consists of three layers, clinically, the 
term eye wall was used only to denote the rigid structures 
of the cornea and the sclera. Eye trauma with full-thickness 
wounds in the eye wall (corneoscleral) was classified as open 
eye injuries. Injuries without full-thickness wounds were 
called closed eye injuries.

Open eye injuries were then divided into four types ac-
cording to the mechanism of injury. Full-thickness injuries 
caused by a blunt object were classified as type A (rupture). 
Single and full-thickness injuries caused by sharp objects in 
the eye wall were classified as type B (penetrating injury). 
Injuries with a foreign body in the eye were classified as type 
C (intraocular foreign body). Double full-thickness injuries in 
the eye wall that constituted an entry and an exit site were 
classified as type D (perforating injury).

Both open and closed eye injuries were then divided into 
five grades according to their visual acuity at the time of 
initial presentation. Injuries presenting with a visual acuity of 
0.5 or better were classified as Grade 1, injuries presenting 
with visual acuities ranging between 0.4 and 0.2 were classi-
fied as Grade 2, injuries presented with visual acuities rang-
ing between 0.1 and counting fingers at 1 m were classified 
as Grade 3, and injuries with visual acuities ranging between 
counting fingers at less than 1 m and light perception were 
classified as Grade 4. Injuries with presented with visual acu-
ities of no light perception were classified as Grade 5.

The injuries were then classified into pupil positive and 
pupil negative depending on the presence and the absence of 
relative afferent pupillary defects. The presence of a relative 
afferent pupillary defect in the injured eye was evaluated as 
pupil positive, while the absence of relative afferent pupillary 
defect in the injured eye was considered as pupil negative.

Open eye injuries were also classified into three zones 
according to the anatomical structures involved. Injuries lim-
ited to the cornea (including the corneoscleral limbus) were 
classified as zone I, injuries involving areas between the cor-
neoscleral limbus and 5 mm posterior to the corneoscleral 
limbus were classified as zone II, and injuries extending be-
yond the anterior 5 mm of the sclera were evaluated as zone 
III. In eyes with multiple open corneoscleral injuries, the zone 
was defined by the most posterior injury. In perforating inju-
ries, the zone was defined by the most posterior eye wall de-
fect. However, the zone of the injury could be determined at 
the time of the presentation depending on the initial clinical 
findings. In our study, the precise zones of the injuries were 
determined according to the surgical findings as this would 
have provided more accurate estimation for the zone.

Similar to open eye injuries, closed eye injuries were also 
divided into types according to the mechanism of the injury. 
Closed eye injuries caused by blunt objects were classified as 
type A (contusion). Closed eye injuries caused by sharp edged 
objects were classified as type B (lamellar laceration), closed 
eye injuries caused by projectile objects with a foreign body 
embedded in the conjunctiva and/or the eye wall (corneoscle-
ral) in the absence of full-thickness defect were classified as 
type C (superficial foreign body), and last, injuries caused by 
several mechanisms were classified as type D (mixed).
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Closed eye injuries were also classified into pupil posi-
tive and pupil negative in the same way as open eye injuries. 
Closed eye injuries were also divided into three zones de-
pending on the anatomical structures involved. Zone I inju-
ries were limited to the external bulbar conjunctiva (sclera 
and cornea) and classified as zone I. Injuries falling behind the 
cornea and involving any of the structures within the anteri-
or segment including pars plica but not the pars plana were 
considered zone II. Injuries involving structures posterior to 
the posterior lens capsule were classified as zone III injuries.

Finally, both closed and open eye injuries were classified 
into injuries with good prognosis and injuries with poor 
prognosis, depending on the visual outcome of the injury at 
the final follow-up visit. Injuries with a final visual outcome 
of counting fingers at 1 or better vision were classified as 
injuries with good prognosis and injuries with a final visual 
outcome of worse than counting fingers at 1 m were classi-
fied as injuries with good visual outcome (3).

Two-sided Fisher’s exact test was computed using SPSS 
statistical software package version 19 (IBM Corporation, 
Armonk, NY). This determines the P value of the associa-
tion of each category of the classification with the final vi-
sual outcome category. P<0.05 was regarded as statistically 
significant.

Results
A total of 205 male and 51 female patients were admitted to 
Osmangazi University Hospital with the diagnosis of an eye 
injury between June 1995 and June 2000. The mean age of 
males was 30 years (SD 16.5) (range 1–75). The mean age of 
females was 19.9 years (SD 17.9) (range 1–62). About 47.2% 
of the patients had injuries to the right eye, and 48.8% had 
injuries to the left eye. The injuries were bilateral in 4.1% of 
the patients. Table 1 shows the number of the patients in 
each age group.

The grade of the injury was not determined in eight eyes 
with open eye injuries and in three with closed eye injuries 
due to poor cooperation. Table 2 shows the number and the 
percentage of patients in each group.

Open eye injuries that were classed as zone I, pupil (-), 
Grade 3 or better, or type B showed statistically significant 
association with good visual outcome (p< 0.05). While open 
eye injuries that were classed as zone III, pupil (+), Grades 
4 and 5 showed statistically significant association with poor 
visual outcome (p<0.05). Closed eye injuries that were 
classed as type B and Grade 4 showed statistically signifi-
cant association with poor visual outcome (p<0.05). Table 
3 shows the percentage of eyes resulting in good prognosis 
in each class. Figure 1 shows an example of a metal foreign 
body that caused a full thickness corneal defect but remained 
in zone 1. Figure 2 shows an example of a foreign body that 
causes a full-thickness corneal defect and continued posteri-
orly settling on inferior retina.

Discussion

Type E open eye injuries which are caused by multiple mech-
anisms were associated with the highest rate of poor visual 
outcome followed by Type D penetrating open eye injuries 
which were caused with an entry and an exit site. This was 
in line with other studies that reported bad prognostic out-
comes in such types of eye injuries (4-11). Similarly, open 
eye injuries cause by blunt objects and classified as type A in 
our study, had higher rate of poor visual outcome compared 
to open eye injuries caused by sharp objects. Comparable 
results were reported in the previous studies (4, 7, 12, 13).

Open eye injuries with intraocular foreign bodies which 
were classified as type C in our study were found to have 
better prognosis than types A, D, and E. Such reasonable 
outcomes after well-managed intraocular foreign body 
(IOFB) have been reported in the previous studies also (6, 
7, 12, 14). However, it must be noted that the size and the 
properties of IOFB could also affect the final visual outcome 
(15-17). For example, intraocular pellets are known to be 
associated with worse visual outcomes compared to other 
types of IOFBs. Poor outcomes in intraocular pellets injuries 
are mainly due to the contusion associated with such injuries 
(14, 18, 19). Unfortunately, information regarding the size 
and the properties of IOFB was not included in Birmingham 
classification system, therefore, it was not possible to inves-
tigate its influence on the outcome.

In line with other studies, open eye injuries that had good 
visual acuities at the time of presentation did better than 
those who presented with poor initial visual acuities. Open 
eye injuries graded as Grades 1, 2, and 3 in our study, had 
statistically significant better outcome compared to those 
graded as 4 and 5 (p<0.05). The importance of good visual 

Table 1. The number and the percentage of the patients with eye 
injuries in each age group

Age group Number of Percentage of 
  patients patients

0-6 years 28 10.94

7-12 years 23 8.98

13-20 years 46 17.97

21-30 years 56 21.88

31-40 years 44 17.19

41-50 years 30 11.72

51-60 years 14 5.47

60+ 15 5.86

Total 256 10.94
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acuity at the time of presentation in open eye injuries has 
been reported in the previous studies as well (4, 7, 14, 19-22).

Relative afferent pupillary defect reflects the function of 
the optic nerve and ganglion cell layer (23). In our study, the 
final visual acuity in open eye injuries that had no relative 
afferent pupillary defect at the time of presentation was sig-
nificantly better than eyes who had relative afferent pupillary 
defect at the time of presentation (p<0.05). Other studies 
also showed similar results (4, 13, 15), and one study con-
cluded that the presence or the absence of afferent pupillary 
defect was the most important factor that determined the 
final outcome (24). It is unfortunate that pupil examination 
for afferent pupil defect is often missed or not recorded in 
patients presenting with eye injuries. Examining the pupil for 

afferent pupillary defects requires minimal or no coopera-
tion from the patient, and in fact, it could be checked even in 
an unconscious patient.

The zone of the injury gives an insight into the number of 
the anatomical structures involved. Our study showed that 
open eye injuries not extending beyond zone I, had signifi-
cantly better final visual outcome compared to those that 
extended to zone II, which, in turn, had significantly better 
prognosis than those extended to zone III (p<0.05). The pre-
vious studies also showed that open eye injuries restricted 
to the cornea had better final visual outcomes, with only 
27–52% of such injuries having a final visual acuity of worse 
than 0.1, while 30–59.4% of those that extended to zone II 
had a final visual acuity of worse than 0.5. In comparison, 

Table 2. The number and the percentage of eyes within each category determined in accordance with Birmingham classification for eye trauma

Category Class of the injury Open Eye injuries  Closed Eye injuries 
 (including Type, grade,
 pupil and zone

  Number of  Percentage of Number of Percentage of
  patients patients patients patients

Type of injury A 40 20 33 58.90

 B 86 43 3 5.40

 C 53 26.50 7 12.50

 D 7 3.50 13 23.20

 E 14 7    

Grade of injury 1 7 3.50 11 19.60

 2 7 3.50 4 7.10

 3 25 12.50 8 14.30

 4 133 66.50 30 53.60

 5 20 10 53 94.60

 Undetermined 8 4 3 5.40

Pupil status  Pupil (-) 117 58.50 44 78.60

 Pupil (+) 54 27.00 11 19.60

 Undetermined 29 14.50 1 1.80

Zone of injury I 100 50.00 12 21.40

 II 64 32.00 30 53.60

 III 36 18.00 14 25.00

Management  Anti-glaucoma treatment 4 2 13 23.20

details and Cataract surgery 53 26.50 9 16.10

procedures Foreign body removal 32 16 5 8.90

required Pars plana vitrectomy 53 26.50 1 1.80

 Laser photocoagulation 4 2.00    

 Encircling band 17 8.50 2 3.60

 Cryopexy 8 4.00    

 Evisceration 26 13 1 1.80
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94% of open eye injuries extending beyond 5 mm of the 
corneoscleral limbus had a final vision of worse than 0.3 (3, 
7, 12, 14, 15, 17, 20, 25-27).

In relation to closed eye injuries, similar to the previ-
ous studies, our study also showed that closed eye injuries 
caused by blunt objects, had a better final visual outcome. 
This compared to open eye injuries cause by similar objects, 
with only 6.1–20.8% of closed eye injuries caused by blunt 

Table 3. The percentage of eyes ended up with good prognosis in each class

Category Open Eye injuries  Closed Eye Injuries

  Class % of good prognosis % of good prognosis

Type of injury A 38 94

  B 59 100

  C 51 86

  D 29 69

  E 21 NA

Grade of injury 1 100 100

  2 100 100

  3 72 100

  4 43 80

  5 25 NA

Pupil status  Pupil (-) 71 93

  Pupil (+) 9 73

Zone of injury I 68 100

  II 41 90

  III 11 71

Figure 1. Example of a metal foreign body that caused a full-thickness 
corneal defect but remained in zone 1.

Figure 2. Example of a foreign body that causes full-thickness corneal 
defect and continued posteriorly and settled on inferior retina
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objects had a final vision of worse than 0.7 (28-30). A com-
mon example of closed eye injuries caused by blunt objects 
seen in airbag accidents which is usually limited to zone I. 
Closed eye injuries that are restricted to zone I could be 
associated with corneal endothelium damage in 7% of cases, 
which, in turn, could be the main reason for vision loss (31).

Hyphema, traumatic iritis, iris sphincter rupture, angle 
recession, iridodialysis, iridodonesis, traumatic cataract, and 
phacodonesis are common findings in type A closed eye in-
juries that have extended to zone II. Temporary vision loss is 
reported in such injuries in 4.3–50% (28-30). It is important 
to remember that angle recession glaucoma is a common 
finding in type A closed eye injuries that have extended to 
zone II. One study found the incidence of angle recession 
glaucoma in such injuries to be as high as 80.5% (32).

Vitreous base detachment, intravitreal hemorrhage, ret-
inal hemorrhage, commotio retinae, choroidal rupture, and 
retinal pigment epithelial edema were the main findings in 
type A closed eye injuries that have extended to zone III. 
Final visual acuities were reported to be worse than 0.7 in 
4.3–53.2% of such injuries (33).

Type B closed eye injuries mainly included lamellar lacer-
ations in the conjunctiva and cornea caused by sharp objects 
while Type C injuries included superficial foreign bodies. 
Such injuries are usually treated within outpatients. There-
fore, the number of patients that fall into these categories in 
our study did not reflect the actual total numbers presented 
to the eye clinic with this kind of injuries. Among those who 
fell into these categories and at the same time required hos-
pital admissions, were patients who had worse fellow eye in-
juries, mental health issues. In one case, a patient developed 
corneal stromal infiltration with hypopyon and the reason 
for admission was to commence intensive topical treatment.

One of the shortfalls of the study was its retrospective 
design, however, every effort was made to ensure meticu-
lous collection of data from the notes to enhance the ac-
curacy of the study. Another limitation of the study was its 
relative short follow-up period of a maximum of 4 years, 
nevertheless, the authors believe that a 4-year period was 
long enough to ascertain the final visual acuity in most ocu-
lar trauma taking into consideration that some of the con-
sequences, for example ,secondary glaucoma and cataracts 
could take longer to establish.

Conclusion

Birmingham classification for mechanical ocular trauma of-
fers a standardized method for both open and closed eye 
injuries, however, adding subclasses to type C (injuries with 
foreign body involvement) could enhance the classification 
method and help to understand the influence of foreign body 
properties and sizes on the outcome. In open eye injuries, 

the final outcome is significantly dependent on the zone, pu-
pil status, and the grade of the injury, while in closed eye 
injuries, the final outcome is significantly related to the type 
of the injury.

Acknowledgment
Authors would like to thank Sister Vivienne Padfield RGN, 
RM, BSC honors, MA for her contribution, read proofing, 
and correcting grammar and punctuation errors in the paper.

Disclosures
Ethics Committee Approval: Osman Gazi University, applied 
as requirement for MD Thesis, number 650428, date 27/03/2001.

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Involved in design and conduct of 
the study (MD, FS); preparation and review of the study (SKE).

References

1. Kuhn F, Morris R, Witherspoon CD, Mester V. The Birming-
ham Eye Trauma Terminology system (BETT). J Fr Ophtalmol 
2004;27:206–10. [CrossRef]

2. Kuhn F, Morris R, Witherspoon CD, Heimann K, Jeffers JB, Treis-
ter G. A standardized classification of ocular trauma. Graefes 
Arch Clin Exp Ophthalmol 1996;234:399–403. [CrossRef]

3. Gilbert CM, Soong HK, Hirst LW. A two-year prospective 
study of penetrating ocular trauma at the Wilmer Ophthalmo-
logical Institute. Ann Ophthalmol 1987;19:104–6.

4. Ramsay RC, Cantrill HL, Knobloch WH. Vitrectomy for double 
penetrating ocular injuries. Am J Ophthalmol 1985;100:586–9.

5. De Juan E Jr, Sternberg P Jr, Michels RG. Penetrating ocular 
injuries. Types of injuries and visual results. Ophthalmology 
1983;90:1318–22. [CrossRef]

6. Martin DF, Meredith TA, Topping TM, Sternberg P Jr, Kaplan HJ. 
Perforating (through-and-through) injuries of the globe. Surgi-
cal results with vitrectomy. Arch Ophthalmol 1991;109:951–6.

7. Brinton GS, Aaberg TM, Reeser FH, Topping TM, Abrams GW. 
Surgical results in ocular trauma involving the posterior seg-
ment. Am J Ophthalmol 1982;93:271–8. [CrossRef]

8. Sobaci G, Mutlu FM, Bayer A, Karagül S, Yildirim E. Dead-
ly weapon-related open-globe injuries: outcome assessment 
by the ocular trauma classification system. Am J Ophthalmol 
2000;129:47–53. [CrossRef]

9. Drummond J, Kielar RA. Perforating ocular shotgun injuries: 
relationship of ocular findings to pellet ballistics. South Med J 
1976;69:1066–8. [CrossRef]

10. Adhikary HP, Taylor P, Fitzmaurice DJ. Prognosis of perforating 
eye injury. Br J Ophthalmol 1976;60:737–9. [CrossRef]

11. Vatne HO, Syrdalen P. Vitrectomy in double perforating eye in-
juries. Acta Ophthalmol (Copenh) 1985;63:552–6. [CrossRef]

12. Esmaeli B, Elner SG, Schork MA, Elner VM. Visual outcome and 
ocular survival after penetrating trauma. A clinicopathologic 

https://doi.org/10.1016/S0181-5512(04)96122-0
https://doi.org/10.1007/BF00190717
https://doi.org/10.1016/S0161-6420(83)34387-6
https://doi.org/10.1016/0002-9394(82)90524-4
https://doi.org/10.1016/S0002-9394(99)00254-8
https://doi.org/10.1097/00007611-197608000-00037
https://doi.org/10.1136/bjo.60.11.737
https://doi.org/10.1111/j.1755-3768.1985.tb05244.x


Dogramaci et al., Standardized Classification of Mechanical Ocular Trauma242

study. Ophthalmology 1995;102:393–400.
13. Meredith TA, Gordon PA. Pars plana vitrectomy for severe 

penetrating injury with posterior segment involvement. Am J 
Ophthalmol 1987;103:549–54. [CrossRef]

14. Sternberg P Jr, de Juan E Jr, Michels RG, Auer C. Multivariate 
analysis of prognostic factors in penetrating ocular injuries. Am 
J Ophthalmol 1984;98:467–72. [CrossRef]

15. Ahmadieh H, Soheilian M, Sajjadi H, Azarmina M, Abrishami 
M. Vitrectomy in ocular trauma. Factors influencing final visual 
outcome. Retina (Philadelphia, Pa) 1993;13:107–13. [CrossRef]

16. O'Neill E, Eagling EM. Intraocular foreign bodies. Indications 
for lensectomy and vitrectomy. Trans Ophthalmol Soc U K 
1978;98:47–8.

17. Johnston S. Perforating eye injuries: a five year survey. Trans 
Ophthalmol Soc U K. 1971;91:895–921

18. Sternberg Jr P, De Juan Jr E, Green WR, Hirst LW, Sommer A. 
Ocular BB injuries. Ophthalmology 1984;91:1269–77. [CrossRef]

19. Shock JP, Adams D. Long-term visual acuity results after pen-
etrating and perforating ocular injuries. Am J Opthalmol 
1985;100:714–8. [CrossRef]

20. Gothwal VK, Adolph S, Jalali S, Naduvilath TJ. Demography and 
prognostic factors of ocular injuries in South India. Aust N Z J 
Ophthalmol 1999;27:318–25. [CrossRef]

21. Barr CC. Prognostic factors in corneoscleral lacerations. Arch 
Ophthalmol 1983;101:919–24. [CrossRef]

22. Williams DF, Mieler WF, Abrams GW, Lewis H. Results and 
prognostic factors in penetrating ocular injuries with retained 
intraocular foreign bodies. Ophthalmology 1988;95:911–6.

23. Lagrèze WD, Kardon RH. Correlation of relative afferent pu-
pillary defect and estimated retinal ganglion cell loss. Graefes 
Arch Clin Exp Ophthalmol 1998;236:401–4. [CrossRef]

24. Yu Wai Man C, Steel D. Visual outcome after open globe injury: 
a comparison of two prognostic models--the Ocular Trauma 
Score and the Classification and Regression Tree. Eye (Lond) 
2010;24:84–9. [CrossRef]

25. Hutton WL, Fuller DG. Factors influencing final visual results in 
severely injured eyes. Am J Ophthalmol 1984;97:715–22. 

26. ROPER-HALL MJ. The treatment of ocular injuries. Trans Oph-
thalmol Soc U K. 1959;79:57–69.

27. Thompson C, Griffits R, Nardi W, Tester M, Noble M, Cottee 
L, et al. Penetrating eye injuries in rural New South Wales. Aust 
N Z J Ophthalmol 1997;25:37–41. [CrossRef]

28. Da Pozzo S, Pensiero S, Perissutti P. Ocular injuries by elastic 
cords in children. Pediatrics 2000;106:e65. [CrossRef]

29. Aritürk N, Sahin M, Oge I, Erkan D, Süllü Y. The evaluation of 
ocular trauma in children between ages 0-12. Turk J Pediatr 
1999;41:43–52.

30. Aburn N. Eye injuries in indoor cricket at Wellington Hospital: 
a survey January 1987 to June 1989. N Z Med J 1990;103:454–6.

31. Lueder GT. Air bag-associated ocular trauma in children. Oph-
thalmology 2000;107:1472–5. [CrossRef]

32. Canavan YM, Archer DB. Anterior segment consequences of 
blunt ocular injury. Br J Ophthalmol 1982;66:549–55. [CrossRef]

33. Knorr HL, Jonas JB. Retinal detachments by squash ball acci-
dents. Am J Ophthalmol 1996;122:260–1. [CrossRef]

https://doi.org/10.1016/S0002-9394(14)74279-5
https://doi.org/10.1016/0002-9394(84)90133-8
https://doi.org/10.1097/00006982-199313020-00003
https://doi.org/10.1016/S0161-6420(84)34159-8
https://doi.org/10.1016/0002-9394(85)90628-2
https://doi.org/10.1046/j.1440-1606.1999.00225.x
https://doi.org/10.1001/archopht.1983.01040010919013
https://doi.org/10.1007/s004170050096
https://doi.org/10.1038/eye.2009.16
https://doi.org/10.1016/0002-9394(84)90503-8
https://doi.org/10.1111/j.1442-9071.1997.tb01273.x
https://doi.org/10.1542/peds.106.5.e65
https://doi.org/10.1016/S0161-6420(00)00176-7
https://doi.org/10.1136/bjo.66.9.549
https://doi.org/10.1016/S0002-9394(14)72019-7



